ABSTRACT
Introduction
Bryophytes represent an evolutionary successful group of small, non-vascular green plants. Considered as an example of the first land plants, they are widely distributed around the world and capable to surpass extreme environmental conditions. The suitability of bryophytes as model systems for studying metabolic, developmental and physiological phenomena rely on their morphological, physiological, genetic and life history characteristics. Bryophytes as well as charophycean algae can be used as simple model systems for studying the evolution of the more complex features in higher plants. In this study we have analyzed the structural and the ultrastructural peculiarities of the Sphagnum magellanicum Brid. gametophyte thallus. Sphagnum moss is growing in acidic, nutrient poor wetlands where it is often the dominant component of the peatlands and bogs. The gametophyte is represented by leafy shoots with indetermined apical growth and repeated branching. The young leaves and branches are packed at the plant top into a hemispherical head called capitulum. The leaves are one cell thick, without midrib and made up of two types of cells: the chlorocysts, small photosynthetic cells that form a polygonal network and the hyalocysts, large hyaline, dead cells, perforated by pores, which retain water very efficiently (1) . Sphagnum mosses are considered to be the most advanced type of bryophyte. Their adaptative strategies place them between species that tolerate environmental stress and those that maximize carbon assimilation (2).
Materials and methods
Bryophyte specimens (Sphagnum magellanicum Brid.), collected from Retezat National Park in June 2005, were used for structural and ultrastructural analysis and for introduction in cell culture. For transmission electron-microscope studies, small segments of capitula young thalli were fixed in 6% glutaraldehyde buffered at pH 7 with 0.05 M cacodylat buffer overnight at refrigerator. After repeated rinses in buffer, the tissue was post-fixed in 1% osmium tetroxide in the same buffer, all night, in the refrigerator. After a short dehydration process in alcohol series, followed by propylene oxide, the specimens were gradually infiltrated and embedded in Epon 812. Thin sections were prepared using a diamond knife on an LKB Ultratome microtome and double stained with uranyl acetate and lead citrate (3) and examined at an EM-125 (Selmi-Ukraine). For light microscopy, 1 to 2 μm semifine sections were stained with toluidine blue in 1% borax (4).
Results and Discussion
Bryophytes as well as charophycean algae can be used as simple model systems for studying the evolution of more complex features from the higher plants. We We observed a high frequency of plasmodesmata in the cross walls, with an enlarged median region without discernable desmotubules (Fig. 2 b-d) and numerous wall-pit perforations (Fig. 3) considered to be plasmodesmal channels. Enlargement of the cells during primary and secondary differentiation involves the thickening of nonpitted areas, followed by expansion and thinning out, while the pitted areas remain virtually unchanged (Fig. 2a) . Some authors (1) revealed in Sphagnum cells that pitted areas are associated with smooth endoplasmic reticulum showing continuity with desmotubules. Non pitted wall areas are associated with cortical array of microtubules. In our studies discernable desmotubules can not be observed. The secondary origin and the dynamic feature of the Sphagnum plasmodesmata similarly with Chara (5) it was also revealed by us. This peculiarity suggests that plasmodesmata of the bryophytes could represent a new cytological character that supports cellular specialization in symplasmic transport. Another interesting aspect is represented by the presence of hyaline cells in Sphagnum magellanicum leaves (Fig. 1) . Cellular differentiation occurs in the leaves and stems. Hyaline cells formation and secondary wall patterning, the orientation of microtubules associated with this process resembles ultrastructural development in tracheary elements of higher plants (6) . The similarities in cytoskeletal arrays during cell differentiation and secondary wall formation suggest a fundamental pathway of development shared by bryophytes and higher plants. Recent molecular data (7) as well as comparative immunocytochemical analysis of tissue and cell distribution of xylans (a major cellulose -linking polysaccharide from the secondary cell wall in higher plants) in numerous taxa of major tracheophytes and bryophytes indicated a closely relationship.
We can conclude that the Sphagnum mosses are an attractive model system for understanding the organization of plasmodesmata in non-vascular plants.
